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Abstract. This paper reports the facile low-temperature synthesis of Cu1-xZnxWO4 nanoparticles by varying the
concentration of Zn using solid-state reaction method. The incorporation of various Zn concentrations can alter the
valence band energy and enhance the structural, optical and electrochemical properties. The prepared nanoparticles have a
triclinic crystal structure with minimum strain. The variation in zinc concentration is shown by the densely aggregated
particles in the SEM image. These nanoparticles exhibit strong absorption in the visible region and the bandgap is found to
increase with an increase in Zn concentration. The photocurrent density increases with an increase in the concentration of
zinc and found to be a maximum of 8.5 lA cm-2 for x = 0.4 due to a lower bandgap of 2.65 eV. Finally, it is observed that
an optimum zinc concentration promotes improved photocurrent generation.
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Introduction

Copper tungstate (CuWO4) is a promising photocatalytic
material that absorbs more visible light in the solar spectrum. It is an n-type semiconductor that has an energy
bandgap of 2.2 to 2.4 eV and it is widely used as an electrocatalyst for O2 and CO2 reduction [1], lithium-ion batteries [2], water splitting [3], gas sensors [4] and hydrogen
generation [5]. Recent studies on CuWO4 have shown its
potential as a water oxidation photoanode but the measured
photocurrent is limited due to an increased bandgap of 2.5
eV and electrode stability [6]. CuWO4 nanostructures can
be tailored by adding a dopant Zn2? into the metal oxide
which results in increased absorption of visible light. The
natural advantages of Zn are high electronic conduction,
low cost, non-toxicity and chemical stability. Moreover, the
ionic radius of Zn2? is comparable with Cu2? and hence it
can be exactly incorporated into the Cu lattice. Salimi et al
[7] synthesized Ag functionalized CuWO4/WO3 nanocomposites for solar water splitting and obtained a 3–4 fold
higher photocurrent density compared to pristine CuWO4.
Ma et al [8] studied the photocatalytic activity of Cu1-x
ZnxWO4/ZnWO4 hybrid material and reported a bandgap of
about 2.1 eV. Even though the dopant improves the optical
properties of CuWO4, it is necessary to analyse the effect of
Zn concentration on both structural and optical properties to

improve the photoconversion efficiency. To circumvent
these limitations, it is essential to optimize the concentration of adding the Zn dopant in CuWO4 without any defects.
In this research study, a facile solid-state reaction is
adopted to synthesize copper zinc tungsten oxide
(Cu1-xZnxWO4) by varying the concentration of Zn
(x = 0.2–0.4). Though there are various chemical methods
available for the preparation of these nanoparticles, the
release of unwanted gases during the formation of
nanoparticles may affect human health and environment.
Dorfman et al [9] reported that CuO and WO3 can completely transform into CuWO4 with a minimum annealing
temperature of 800°C. Notably, we prepare the copper zinc
tungsten oxide nanoparticles by annealing it at a low temperature of about 600°C. Hence, it is essential to optimize
the concentration of the zinc dopant by analysing the
structural, morphological, optical and electrical properties.

2.

Experimental

Copper(II) oxide (CuO), tungsten oxide (WO3) and zinc
oxide (ZnO) with 99.9% purity were used throughout the
synthesis process for obtaining Cu1-xZnxWO4 by the traditional solid-state reaction method by varying the concentration of zinc. First, the metal oxide samples were well
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ground for 1 h using mortar and pestle. Then the wellground
mixture was transferred into an alumina crucible which was
kept in a muffle furnace maintaining the temperature at
600°C for 3 h. Then it was allowed to cool within the furnace itself. After the annealing, we obtained green-coloured
particles. The samples x = 0.2, 0.3 and 0.4 are named
Cu0.8Zn0.2WO4, Cu0.7Zn0.3WO4 and Cu0.6Zn0.4WO4,
respectively. The structural analysis was carried out using
(PANalytical XPERT-PRO) X-ray diffractometer and Perkin-Elmer FTIR spectrometer (Spectrum Two, Model:
C92107) with the resolution of 4 cm-1. The optical studies
were performed using Shimadzu UV-2700. A JEOL-JSM
5610LV scanning electron microscope was used to analyse
the surface morphology. Photoelectrochemical (PEC)
measurements were performed in a PEC cell using CH
604E electrochemical workstation.

3.

Results and discussion

The reaction mechanism involved in the solid-state reaction
can be understood by the following equation:
ð1  xÞCuO þ xZnO þ WO3 ! Cu1x Znx WO4

ð1Þ

The XRD pattern of Cu1-xZnxWO4 nanoparticles is shown
in figure 1. At x = 0.2, the high-intensity peak observed at
2h = 30.22° belongs to (1–11) plane whereas earlier reports
for pristine CuWO4 shows the major peak at 2h = 28.78°
[10]. The shift in the angle confirms the incorporation of Zn
into CuWO4. All the peaks obtained were well matched
with the standard JCPDS (88-0265) of Cu0.8Zn0.2WO4. At
x = 0.3 and x = 0.4, the major peak is shown at 2h = 30.22°
and 2h = 30.84° and belong to (020) plane. Two additional
peaks have also appeared for x = 2 at 2h = 32.20° and
2h = 33.37° with lower intensity and the remaining peaks
matched with the JCPDS (88-0263) of Cu0.7Zn0.3WO4
whereas x = 4 matches with the JCPDS card (88-0261).
However, at x = 0.4, additional peaks were found at

Figure 1.
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2h = 24.40° and 2h = 33.29°. These additional peaks are
attributed to the formation of WO3 which also confirms the
W-rich nature.
All the samples exhibit improved crystallinity having the
same triclinic crystal structure. Moreover, the sharp peaks
present on the entire pattern may indicate the lower
microstrain and defect-free crystal system [11]. Besides, no
change in phase was observed but the intensity of the
major peaks increased on increasing the concentration of
Zn2?. The calculated crystallite size, dislocation density
and microstrain of Cu1-xZnxWO4 is given in table 1.
Figure 2 shows the SEM images of Cu1-xZnxWO4
nanoparticles annealed at 600°C. On closer inspection of
Cu0.8Zn0.2WO4 (figure 2a), the formation of needles on the
surface of the highly aggregated particles is evident. These
observations strongly suggested the incorporation of Zn into
CuWO4 while in the higher magnification image (figure 2b), the presence of aggregate is accompanied by small
gaps between the needles that confirm the mesoporous
structure. On increasing the Zn concentration (x = 0.3) of
Cu0.7Zn0.3WO4, the aggregation becomes highly dense. It is
due to the inclusion of Zn2? ions that diffuse into lattice
sites of Cu2? that have a similar ionic radius and hence, the
particles are assembled in the form of blocks. A further
increase in the concentration at x = 0.4, clearly depicted the
incorporation of more number of Zn2? ions. Apart from
these observations, the mesoporous structure disappeared on
increasing the Zn2? concentration [12]. It is an important
strategy that these particles have potential applications in
the field of electrochemistry. The EDX analysis was also
performed to confirm the existence of Cu, W, O and Zn
elements as given in supporting information. The EDX
spectrum shows W-rich nature of Cu1-xZnxWO4 nanoparticles as shown in figures S1–S3.
The UV–Vis absorption spectra of Cu1-xZnxWO4
nanoparticles are shown in figure 3. From the absorption
spectra shown, the variation in zinc concentration is evidenced by the shifted peaks from 450 nm towards the longer

XRD pattern of Cu1-xZnxWO4 nanoparticles.
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Crystallite size, microstrain and dislocation density of Cu1-xZnxWO4 nanoparticles.

Sample
Cu0.8Zn0.2WO4
Cu0.7Zn0.3WO4
Cu0.6Zn0.4WO4

Crystallite size (nm)

Microstrain

Dislocation density (lines m-2)

63
41
47

0.011
0.015
0.012

2.51 9 1014
5.94 9 1014
4.52 9 1014

Figure 2. SEM images of Cu1-xZnxWO4 nanoparticles: (a and b) x = 0.2,
(c and d) x = 0.3, (e and f) x = 0.4.

wavelength. All the nanoparticles exhibited maximum
absorption in the visible range. There is no significant
change in the absorption edges for the nanoparticles which
is reflected by the nearly same morphology with strong
aggregation. The aggregated particle reduces the surfaceactive sites and limits the bandgap.
The bandgap of the nanoparticles was calculated using the
Tauc plot and it was found to be 2.69, 2.75 and 2.65 eV for
Cu0.8Zn0.2WO4, Cu0.7Zn0.3WO4 and Cu0.6Zn0.4WO4,
respectively. The enlarged bandgap compared to bare
CuWO4 is significantly due to the Zn ions which possess
elevated conduction band levels. The bandgap is an important
tool that affects the PEC efficiency of the material. Despite
the higher bandgap, these particles have great potential
applications in the field of photoelectrochemistry due to the
maximum absorption of visible light in the solar spectrum.

The PEC measurements were performed in a three
electrode cell using 0.1 M of Na2SO4 which acts as a
suitable electrolyte with the illumination intensity of 100
mW cm-2. The J–V plots drawn for Cu0.8Zn0.2WO4,
Cu0.7Zn0.3WO4 and Cu0.6Zn0.4WO4 electrode are shown in
figure 4. It shows a significant photocurrent increase in the
overall potential range and with a maximum of about 8.5
lA cm-2 for x = 0.4. In the case of x = 0.2 and x = 0.3, it is
found to be lower at about 6.6 and 4.9 lA cm-2. Moreover,
lower oxidation current is observed in the potential range up
to 0.1 V in the dark indicating that the electrode is not
active for oxygen evolution reaction.
But under illumination, a large oxidation photocurrent is
observed due to PEC oxygen evolution reaction [13]. It is
observed from this result that the photocurrent increases
with an increase in the concentration of zinc. However, for
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Figure 3. (a) UV–Vis spectra and (b) Tauc plot of Cu1-xZnxWO4 nanoparticles.

Figure 4.

J–V curve of Cu1-xZnxWO4 nanoparticles.

x = 0.3 the current decreases when compared to x = 0.2 due
to an increase in the bandgap of 2.63 eV. Nevertheless, the
effect of Zn2? in the surface of CuWO4 has increased the
efficiency of photoelectrode. Hence, it is clear that the
sample with a higher concentration of Zn (Cu0.6Zn0.4WO4)
acts as a suitable material for increased PEC current generation. Further increase in photocurrent is achieved by
optimizing the electrode preparation condition with high
conductivity.

4.

Conclusion

In this research study, Cu1-xZnxWO4 nanoparticles were
synthesized by varying the concentration of Zn using
solid-state reaction method. The XRD pattern confirms
the triclinic crystal structure obtained with significant
variation in crystallite size. The major crystalline peaks
were shifted to a higher angle on increasing the concentration of zinc. SEM images displayed the highly

aggregated particles which confirm the variation of Zn in
the CuWO4 lattice. These particles have potential impact
in PEC properties due to increased mesoporous structure.
The bandgap of the material is calculated in the range of
2.6–2.7 eV for all nanoparticles without much variation.
The obtained photocurrent at a maximum of 8.5 lA cm-2
for higher zinc concentration (x = 0.4) under 1 sun illumination evidenced that these Cu1-xZnxWO4 nanoparticles have great potential for applications in
photoelectrochemistry. Hence it is concluded that Cu0.6Zn0.4WO4 is found to be optimum for increased photocurrent generation. However, further investigation is
needed to improve the photocurrent generation and the
efficiency of PEC cell by varying the zinc concentration
x C 0.4 in Cu1-xZnxWO4 for comparing the results with
commercialized PEC cells.
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